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© Electrically conductive and abrasion resistant polymeric compositions, methods of fabrication thereof and 
uses thereof are described. Admixtures of abrasion resistant materials and electrically conductive polymeric 
materials, are formed. Many of these admixtures are light transmitting and can be used as an abrasion resistant 
light transmitting electrostatic discharge layer. The light transmitting discharge layer is useful as a surface 
coating for visual displays such as CRT screens to avoid electrostatic accumulation of dust and scratching. The 
compositions can be admixtures of abrasion resistant silicones, polysiloxanes, acrylates, epoxies, methacrylates, 
epoxyacrylates, epoxy methacrylates, styrenes, and electrically conductive polymers selected from the group of 
substituted and unsubstituted polyanilines, polyparaphenylenevinyles, substituted and unsubstituted poly- 
thiophenes substituted and unsubstituted poly-p-phenylene sulfides, substituted and unsubstituted polyfuranes, 
substituted and unsubstituted polypyrroles, substituted and unsubstituted polyselenophenes, polyacetylines 
formed from soluble precursors, combinations thereof and blends thereof with other polymers. The compositions 
can be a layer of an electrically conductive polymer with an abrasion resistant layer thereover. 
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Cross reference to related application, US patent application Serial No. 07/357,565 filed on May 26, 
1989 entitled "Electrically Conductive Polymeric Materials and Uses Thereof" which describes structures 
containing conducting polymers and methods of fabrication thereof. Electrical conductivity can be induced 
in polymers selected from the group of substituted and unsubstituted polyanilines, poly- 

5 paraphenylenevinylenes, substituted and unsubstituted poly-p-phenylene sulfides, substituted polyfuranes, 
substituted polypyrroles, substituted polyselenophenes, polyacetylenes formed from soluble precursors, 
combinations thereof and blends thereof with other polymers. The polymer contains a doping precursor, 
selected from the group of onium salts, iodonium salts, triflate salts, borate salts and tosylate salts and 
sulfonoxylimides. Conductivity can be selectively induced in the polymer by selectively doping upon 

10 selective exposure to a source of energy such as electromagnetic radiation, an electron beam and heat. 
The electrically conductive polymers of the present invention are useful as electron discharge layers for 
electron beam applications, such as SEM observations, as electromagnetic interference coatings on 
dielectric surfaces and as electron beam resists which also act as a discharge layer. The teaching of the 
cross referenced application is incorporated herein by reference, in particular, in regard to methods of 

75 fabricating the electrically conducting polymers. 

This invention relates to material composites, such as layered structures and admixtures, of electrically 
conductive polymers and abrasion/scratch resistant mate-electrically conductive substituted and unsub- 
stituted polyanilines, substituted and unsubstituted polyparaphenylenevinylenes, substituted and unsub- 
stituted polythiophenes, substituted and unsubstituted polyazines, substituted and unsubstituted poly- 

20 furanes, substituted and unsubstituted polypyrroles, substituted and unsubstituted polyselenophenes, substi- 
tuted and unsubstituted poly-p-phenylene sulfides and polyacetylenes formed from soluble precursors in a 
combination with silicones, siloxanes, acrylates, methacrylates, epoxies, epoxyacrylates and styrenes. 

Electrically conducting organic polymers have been of scientific and technological interest since the late 
1970's. These relatively new materials exhibit the electronic and magnetic properties characteristic of 

25 metals while retaining the physical and mechanical properties associated with conventional organic 
polymers. Technological application of these polymers are beginning to emerge. Herein we describe 
admixtures and composites of abrasion/scratch resistant materials and electrically conducting polymers, 
such as, polyparaphenylenevinylenes, polyanilines, polythiophenes, polyfuranes, polypyrroles, poly- 
selenophenes, poly-p-phenylene sulfides, polyacetylenes formed from soluble precursors. 

30 Quite surprisingly, it has been found that these composite materials retain abrasion/scratch resistance 
and electrical conductivity in the admixture since there is a chemical compatibility between the 
abrasion/scratch resistant material and the electrically conducting polymer which makes them compatible 
thereby permitting one to intermix with the other without either forming a precipitate. Abrasion and scratch 
resistant materials will be referred to herein as hard coats. Because of the electrostatic properties of these 

35 materials they can be used as an electrostatic charge (anti static) or electrostatic discharge layer. Moreover, 
since the materials of the present invention retain the hardness of the abrasion resistant component they 
can be used as scratch resistant electrostatic coatings. Moreover, since in the preferred embodiments, the 
composite materials are transparent, they are useful as electrostatic antistatic coatings (anti-stats) on visual 
displays such as CRT screens, in particular, to substantially prevent electrostatic dust accumulation thereon. 

40 The composite materials are also useful as anti-stats for semiconductor wafer or electronic device substrate 
carriers, for electrostatic discharge (ESD) applications as charge dissipators in clean rooms wherein 
semiconductor device fabrication occurs and possibly as electromagnetic interference (EMI) shields. 

Currently used anti-stat and ESD materials are typically thin metallic films, such as indiumtin oxide 
which are expensive to fabricate and are not abrasion resistant. Also, ionic salts have been used. However, 

45 these systems are very unstable in terms of their conductivity as the conductivity is very much dependent 
on humidity. The composite materials of the present invention are inexpensive, abrasion/scratch resistant, 
environmentally stable and the preferred embodiments are light transmitting. 

The conducting composites, according to the present invention, have substantially enhanced solvent, 
water and alkaline solution stability as compared to where a conducting polymer is used alone. Many of the 

50 conducting polymers lose their electrically conductive property when exposed to water since the dopant 
which renders the polymer electrically conductive is removed by the water. Therefore, over time water will 
remove the dopant and render the conductive polymer non conductive. In addition, many solvents, e.g. 
organic, will dissolve the conducting polymer and therefore remove it from the substrate. Quite surprisingly, 
it has been found that when the admixture of the conductive polymer and a hard coat or a layer of 

55 conductive polymer covered with a hard coat is exposed to water the conductive polymer does not lose its 
conductivity. In addition, the composites are not readily removed by solvents. 

It is an object of this invention to provide a composite polymeric material which is scratch and abrasion 
resistant and electrically conductive. 
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It is another object of the present invention to provide a composite polymeric material which is scratch 
abrasion resistant, electrically conductive and light transmitting also having good adhesion, water stability 
and solvent stability, and alkaline solution stability. 

It is another object of the present invention to use the transparent composite polymeric compositions of 
5 the present invention as electrostatic charge (ESC) (anti static) and electrostatic discharge (ESD) layers, in 
particular, on visual displays. 

It is another object of the present invention to provide methods of fabricating the composite polymeric 
materials according to the present invention. 

A broad aspect of this invention is a polymeric composite material which is either an admixture of a 
io hard coat material and an electrically conductive polymeric material or a 2 layer system consisting of a 
layer of electrically conductive polymer disposed on a surface followed by a thin layer of the hard coat on 
top. 

In a more particular aspect of the present invention, the polymeric material has a partially conjugated n 
system which is extended by the addition of dopants to the polymeric material to provide at least enough -n 

15 conjugation so that the it conjugated parts of a molecule of the polymer are substantially in contact with the 
7T conjugated parts of an adjacent molecule. 

In another more particular aspect of the present invention, the conductive polymer is selected from 
substituted and unsubstituted polyparaphenylenevinylenes, substituted and unsubstituted polyanilines, sub- 
stituted and unsubstituted polythiophenes, substituted and unsubstituted polyazines, substituted and unsub- 

20 stituted poly-p-phenylene sulfides, substituted and unsubstituted polypyrroles, substituted and unsubstituted 
polyselenophene, polyacetylenes formed from soluble precursors, combinations thereof and blends thereof 
with other polymers. 

In another aspect of the present invention, a solution or dispersion of a scratch/abrasion resistant 
material is mixed with a solution or dispersion of an electrically conducting polymeric material from which 
25 the solvent is removed, leaving a compatible mixture of the electrically conducting and scratch resistant 
materials. 

In another more particular aspect of the present invention, the combination of the conductor and hard 
coat is light transmitting. 

In another more particular aspect of a method according to the present invention, a solution or 
30 dispersion is formed from a soluble electrically conductive polymer having an extended -* conjugated 
system with an abrasion/scratch resistant material and a solvent. The solution is mixed and deposited onto 
the surface of a substrate, dried to remove the solvent leaving a solid solution of the conductive polymer 
and abrasion/scratch resistant material. The conductive polymer is substantially uniformly intermixed with 
the abrasion/resistant material substantially without precipitates of either the conducting or abrasion resistant 
35 components. 

In a more particular aspect of the present invention, the composite materials are transparent. 

In another more particular aspect of the present invention the scratch/abrasion resistant materials are 
silicones/siloxanes and other cross linkable materials including acrylates, methacrylates, styrenes and 
epoxies and epoxy acrylates. 
40 Another more particular aspect of the present invention is a composite structure of an electrically 
conductive layer, preferably an electrically conductive polymer, on a substrate surface with a hard coat 
layer disposed on the electrically conductive layer. The composite structure provides a scratch/abrasion 
resistant electrically conductive coating on the substrate surface. 

In another more particular aspect of the present invention, the light transmitting composite materials are 
45 used as an electrostatic or anti static scratch/abrasion resistant layer on a visual display, for example a CRT 
tube. 

In another more particular aspect of the present invention, the composites of the present invention are 
used for ESC and ESD layers for chip and device carriers. 

In another more particular aspect of the present invention, the composite material is disposed onto a 
so thermoformable substrate which is thermoformed into a predetermined shape. 

These and other objects, features and advantages will be apparent from the following more particular 
description of the preferred embodiments. 

One embodiment of the present invention is a an admixture of an abrasion/scratch resistant material 
with an electrically conductive polymeric material to form one type composite material. Another type of 
55 composite material is a layer of conducting polymer with a thin layer of abrasion resistant material 
thereover. These composite materials are useful as scratch and abrasion resistant electrically conductive 
coatings for electrostatic charge (ESC) and electrostatic discharge (ESD) applications. For example, the 
transparent composite materials of the present invention can be used as coatings for electronic displays 
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such as CRT terminals to avoid the accumulation of dust particles thereon. 

Scratch resistance is commonly measured by applying a certain load on a taber diamond conical 
diamond tool across the surface and seeing at what load do visible marks appear on the surface when 
viewed by the eye. The load can be as high as 40 to 50g for highly scratch resistant materials. 

Abrasion resistance is commonly measured by the number of strokes before there are any visible 
marks caused by rubbing a surface with an eraser mounted in a holding device applying a force of 8.9N to 
11.1N (2 lbs. to 2.5 lbs). 

To form an electrically conductive composite material according to one aspect of the present invention 
a it conjugated system is combined in a solution or dispersion with the scratch/abrasion resistant material. 
Because of the compatibilities of the solubilities of the conductive polymer and the abrasion resistant 
material, both remain miscible in solution and do not precipitate out of solution. 

The preferred electrically conducting materials used to form the composite materials of the present 
invention are not electrically conducting when undoped. 

One type of nonconducting polymer useful to practice the present invention is a substituted or 
unsubstituted poiyaniline having the following general formula: 



20 



25 



1 ^<A-iV\ /«uX 



H *v f\ f\ 




wherein each R and fl 1 can be H or any organic or inorganic radical; each R can be the same or different; 

wherein each ff 1 can be H or any organic or inorganic radical, each Z? 1 can be the same or different; x £ 1 ; 

preferably x £ 2 and y has a value from 0 to 1. Examples of organic radicals are alkyl or aryl radicals. 
30 Examples of inorganic radicals are Si and Ge. This list is exemplary only and not limiting. The most 

preferred embodiment is emeraldine base form of the poiyaniline wherein y has a value of 0.5. The 

preferred poiyaniline is an ethoxy substituted poiyaniline wherein R and ff 1 are -OCZ-fc Chh. The most 

preferred poiyaniline is the ortho-ethoxy substituted poiyaniline wherein R is H and ff 1 is -OChh Chh since it 

is soluble in the doped, conductive form and can be directly mixed with the scratch/abrasion resistant 
35 materials of the present invention. Suitable polyanilines are described in "Polyanilines: A Novel Class of 

Conducting Polymers'* by A.G. MacDiarmid et al. Polymer Preprints (1991) p. 317 published by Faraday 

Discussions Chem . Soc. 88 (317). 

If the poiyaniline base is exposed to a cationic species QA, for example a protic acid wherein Q is 

hydrogen, the nitrogen atoms of the imine part of the polymer become substituted with the Q cation to form 
40 the conducting salt as shown in the following equation. Examples of protic acids are hydrochloric acid, 

sulfuric acid and toluenesulfonic. The pH of the acids is from about 0 to 4. Below 4, the material is an 

insulator. The temperature range for the reaction is from about 22° to about 100 - C, most preferably room 

temperature, 22 • C. 

45 



50 




When a protic acid HA is used to dope the poiyaniline, the nitrogen atoms of the imine part of the 
poiyaniline are protonated. The emeraldine base form is greatly stabilized by resonance effects as is shown 
in the following sequence of equations: 
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used whereas Q is a cation selected from organic and inorganic cations, for example, an alkyl group or a 
metal, being most preferably H. 

The emeraldine base form of polyaniline is soluble in various organic solvents and in various aqueous 
acid solutions. Examples of organic solvents are dimethylsulfoxide (DMSO), dimthylformamide (DMF) and 
30 N-methylpyrrolidinone (NMP). This list is exemplary only and not limiting. Examples of aqueous acid 
solutions is 80% acetic acid and 60-88% formic acid. This list is exemplary only and not limiting. 
Substituted polyanilines are soluble in more solvents such as chloroform and methylenechloride, 
acetone/alcohol, such as methanol and isopropanol, also acetone/water combinations. 

The ethoxy substituted polyaniline doped with hydrochloric acid (1N) is soluble in acetone/water and 
35 acetone/methanol combinations. 

Another electrically conductive material useful to practice the present invention is a substituted and 
unsubstituted polythiophene. Polythiophenes have general formula: 




Wherein each /T 2 is H or any organic or inorganic radical; wherein t £ 1 and wherein at least one FP is not H. 
50 It is known in the art that conducting forms of polythiophene are soluble in organic solvents such as 
nitrobenzene, TYiF-CHzCk-CHzCHCk&A'A) and in tetrahydronaphthalene. It is also known in the art that the 
polythiophene can be converted to a conducting form upon treatment with a solution of k, NOBF*., AsFs 
and SbF$. 

Polyparaphenylenevinylenes useful to practice the present invention have general formula wherein each 
55 fl 3 is H or any organic or inorganic radical, and wherein s Z 1. Each fl 3 can be the same or different: 
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75 general formula wherein /? 10 is H or an organic or inorganic radical. 
[ Cfl 10 =N- N = CR w ] n 
wherein n £ 1 

20 Polyfurans useful to practice the present invention have general formula, wherein Z £ 1 and each /?* is H or 
any organic radical, and each fl* can be the same or different; 



25 



30 
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35 Polypyrroles which are useful to practice the present invention have general formula, wherein w £ 1, each 
is H or any organic or inorganic radicals; wherein each one fl 6 can be the same or different: 
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Polyselenophenes useful to practice the present invention have general formula, wherein v £ 1 , and each fl 6 
is H or any organic or inorganic radical and wherein each fl 6 can be the same or different: 



55 
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Examples of combinations of polythiophenes, polyfurans, polypyrroles and polyselenophenes useful to 
75 practice the present invention are represented by the following equations wherein fl\ fl 6 and fl 6 are as 
defined above wherein at least two of a, b, c and d are greater than or equal to 1; m 2 1; Q 1 , GPCP can be a 
vinylene group or a direct bond between adjacent constituents: 
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Poly-p-phenylene sulfides useful to practice the present invention are represented by the following general 
formula wherein each R 7 is H or any organic or inorganic radical and f £ 1 , each FP can be the same or 
different: 



35 
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The article entitled "New Routes to Processed Polyacetylenes", T. Swager et al. Polymer Preprints, Vol. 30, 
No. 1, p. 161, April 1989, describes methods of preparing polyacetylene from a soluble precursor. 
Polyacetylene is insoluble, therefore, the composite materials of the present invention cannot be made from 
polyacetylene directly. The soluble polyacetylene precursors of Swager et al. can be used in the structures 
and methods of the present invention to form a solid solution of polyacetylene and a reagent in which 
conductivity is induced after exposure to energy. Polyacetylene can be prepared from a number of 
precursors by the use of ring opening metathesis polymerization (ROMP). Cyclooctatetraene, a high boiling 
liquid, can be bulk polymerized to polyacetylene. In effect, this provides polyacetylene that can be 
processed as a viscous liquid. Substituted cyclooctatetraenes can be polymerized or copolymerized to a 
soluble polymer that can be easily fabricated. Treatment of the polybenzvalene with Lewis acids results in 
the rearrangement to polyacetylene. 
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The composite materials of the present invention have substantially enhanced solvent stability and 
water stability. Some of the electrically conductive polymers, when exposed to water, or a suitable solvent, 
e.g. alkaline solutions, will lose the dopant which induces the electrical conductivity. In addition, organic 
solvents may dissolve the conducting polymer and therefore remove the coating from the substrate. Quite 

5 surprisingly, it has been found that when the admixture of hard coat and conductive polymers is exposed to 
water, the conductive polymer does not lose its electrical conductivity. It is believed that the hard coat 
prevents the water diffusing into the composite matrix and thereby inhibiting the water from chemically 
interacting with the dopant. For example, conductive polyaniline when washed in water will lose its 
conductivity over time because the water will remove the dopant. However, when the polyaniline is mixed 

70 with silicones, the conductive polyaniline does not lose the dopant when washed with water. Furthermore, 
polyaniline loses its conductivity when treated with alkaline solutions. In contrast, the polyaniline/silicones 
systems have increased stability to alkaline solutions. 

In the layered composites of the present invention, a conductive polymer film is disposed on a 
substrate surface. A hard coat film is disposed on the conductive polymer film. The hard coat film 

75 substantially prevents solvents, water, alkaline solution, from contacting the conductive polymer film and 
thereby from extracting the dopant from the conductive polymer. For example, a conductive polyaniline 
coated with a silicone does not lose it electrical conductivity on exposure to water. In addition, the hard coat 
being a cross-linked matrix will generally be of limited solubility and therefore, the composite would not 
readily be dissolved by organic solvents. 

20 The layered composite structure of the present invention can act as a ESC or ESD layer without 
requiring electrical contact directly to the electrically conductive layer. If the hard coat overcoat layer is thin 
enough, there is sufficient electrical conductivity through the overcoat to permit an electrical contact to the 
overcoat to provide electrical connection to the underlying electrically conductive layer. The electrical 
contact may be grounded so that the conductive layer is not electrically floating. 

25 In the fabrication of the admixture composites, the hard coat and conductive polymer are both 
preferably soluble in a solvent used to prepare the admixture. In the fabrication of the layered composites of 
the present invention, the hard coat layer and conductive layer are not necessarily soluble or mutually 
soluble. Both layers can be deposited by many different methods, such as dip-coating, spin-coating, spray 
coating, electrochemical deposition, evaporation, sputtering, CVD and the like. 

30 In fabricating the admixture composites of the present invention, a solution or dispersion of the 

conducting polymer in doped form is added at room temperature to a solution or dispersion of the hard 
coat. The conducting polymer concentration ranged from 2% to 50% by weight to the hard coat. The more 
preferred being 5 to 30%. The most preferred being 5 to 20% by wt. to hard coat to achieve ESC and ESD 
type of conductivities. The temperature range of all experiments were done at room temperature and in an 

35 atmospheric environment. It is also preferred, in this case, that the conducting polymer is mixed directly in 
the conducting form and that the conducting form is soluble. 

In fabricating the layered composites the solutions or dispersions of both layers can be applied by spin- 
coating, dip-coating, doctor blading, spray or applied by other means as mentioned above. The solvent is 
dried off and the sample is heated to cure or cross-link the hard coat as required. 

40 The conducting polymer is first applied to a surface. The conducting polymer may be applied directly in 
the conducting form or it may be applied in the un-doped form and subsequently doped by aqueous acids 
or by the in-situ dopants described in the cross referenced patent. If the material in the conducting or non 
conducting form is soluble, it can be applied by spin-coating, dip-coating, spraying, etc.. The polymer may 
also be electrochemically deposited or vacuum deposited. The more preferred method is from solution 

45 methods and in the conducting form if it is soluble. The conducting polymer coated surface is then dried to 
drive off the solvent. 

The hard coat is then applied by similar means (more preferred by solution methods). There should be 
no interfacial problems between the conducting layer and the top hard coat layer. Therefore the solvents 
required for the hard coat should not dissolve the conducting polymer. 

50 The thickness of the top hard coat layer is from about 5% to 30%, preferably about 10%, of the 
thickness of the conductive layer. For example, for a 2 urn conductive layer there is a 0.2 urn hard coat 
layer. The hard coat is then heated to drive off the solvent and also cure or cross-link the system. 

The composites of the present invention can be deposited on the surface of a thermoformable 
substrate. The substrate is then thermoformed to a predetermined shape. For example, a light transmitting 

55 scratch and abrasion resistant, electrically conductive composite according to the present invention can be 
disposed on thermoformable material, such as a polyester and shaped by thermoforming into a carbed 
surface to form a CRT cover. Also, the electrically conductive materials can be first disposed onto a 
thermoformable sheet, for example, by dip coating and then thermoformed. Subsequently, the formed sheet 
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can be coated with the scratch and abrasion resistant material by dip coating. 

TABLE I 

EXAMPLES OF HARD COAT MATERIALS 
EPOXY RESINS 



1. Diglycidyl ether of bisphenol A (DGEBPA) 

2. Aromatic glycidyl ether resins such as epoxy phenol 
novolac resins and epoxy cresol novolac resins. 

3. Aromatic glycidyl amine resins such as triglycidyl-p- 
aminophenol , N , N , N 1 , N 1 -tetr agl iycidy 1-4 . 4 1 -diaminodipheny 1 
methane / and triglycidyl isocyanurate (marketed as Ciba- 
Geigy PT 810)®. 

4. Glycidyl esters, e.g. Diglycidyl ester of 
hexahydrophthalic acid # Ciba Geigy CY 184® and mobay 
lekutherm X-100®. 

5. cycloaliphatic epoxy resins, e.g. 3 1 ,4 1 -epoxycyclo- 
hexylmethyl 3,4-epoxycyclo- hexanecarboxylate 

3 , 4-epoxycyclohexyloxirane 

2- ( 3 1 , 4 ' -epoxycyclo- hexyl ) -5 , 1 "-spiro- 3 " , 4" - 
epoxycyclohexane-1,3- dioxane 

bisfS^-epoxy- cyclohexylmethyl) adipate 
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TABLE II 
S I L I CONES /POLYS I LOXANES 

(J?„Si<9( 4 n )fz) a wherein n= 1-3 and m ^2 (oligomeric and 
polymeric) and R = hydrogen methyl, longer alkyl, 
fluoroalkyl, phenyl, vinyl, chlorine, alkoxy, acyloxy, 
alkylamino and hydroxyl . 

commercial examples of silicones are: 

General Electric SHC 1200® hard coat 
SHC 1010® 
AS 4000® 

S I L I CONES /POLYS I LOXANES 

hexamethy ldi s i loxane 
octamethyltrisiloxane 
decamethyltetrasi loxane 
octamethylcyclotetra-si loxane 

octaphenylcyclotetra-siloxane 

2,4,6, 8-tetramethyl-2 , 4,6, 8-tetraphenyl-cyclotetrasi loxane 

methyltris ( trimethyl-siloxy ) silane 

1,1,1,3,5,5, 5-heptamethyl-trisiloxane 

1,1,3,5, 5-pentamethyl-l , 3 , 5-triphenyltrisiloxane 

Homopolymers such as polydimethylsi loxane , random and block 
copolymers 
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silsesquioxanes 
polysiloxanediols 



TABLE III 
ACRYLATES /METHACRYL ATES 
MONO FUNCTIONAL 



Allyl Methacrylate 

Tetrahydrofurf uryl Methacrylate 

Cyclohexyl Methacrylate 

n-Hexyl Methacrylate 

Cyclohexyl Aery late 

2-Ethoxyethyl Acrylate 

2-Ethoxyethyl Methacrylate 

Isodecyl Methacrylate 

2-Methoxyethyl Acrylate 

2 ( 2-Ethoxyethoxy ) Ethylacrylate 

Stearyl Acrylate 

Tetrahydrofurf uryl Acrylate 

Lauryl Methacrylate 

Stearyl Methacrylate 

Octyl Acrylate 

Lauryl Acrylate 

2-Phenoxyethyl Acrylate 

2-Phenoxyethyl Methacrylate 

2-Hydroxyethyl methacrylate 

2-dimethyl aminoethyl methacrylate 

2-dodecylthioethyl methacrylate 

N-methacryloyl-2-pyrrolidinone 

urethane acrylates 

Isodecyl Acrylate 

Isobornyl Methacrylate 

Benzyl Acrylate 

Hexyl Acrylate 
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Isooctyl Acrylate 
Isobornyl Acrylate 

B I FUNCT I ONAL ACRYLATE/METHACRYL ATE 

Triethylene Glycol 
Dimethacrylate 

Ethylene Glycol Dimethacrylate 

Tetraethylene Glycol Dimethacrylate 

Polyethylene Glycol 
Dimethacrylate 

1,3 Butylene Glycol Diacrylate 

1 ,4-Butanediol Diacrylate 

1 ,4-Butanediol Dimethacrylate 

Diethylene Glycol Dimethacrylate 

1,6 Hexanediol Diacrylate 
1,6 Hexanediol Dimethacrylate 
Neopentyl Glycol Diacrylate 
Neopentyl Glycol Dimethacrylate 
Polyethylene Glycol (200) Diacrylate 
Tetraethylene Glycol Diacrylate 
Triethylene Glycol Diacrylate 
1 , 3 Butylene Glycol Dimethacrylate 
Tripropylene Glycol Diacrylate 
Ethoxylated Bisphenol A Dimethacrylate 
Ethoxylated Bisphenol A Diacrylate 
Reactive Polyester (Diacrylate) 
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MULTIFUNCTIONAL ACR YL ATE /METHACRYLATE 



Tris (2-Hydroxy Ethyl) Isocyanurate Trimethacrylate 
Pentaerythritol Tetraacrylate 
Trimethylolpropane Trimethacrylate 
Trimethylolpropane Triacrylate 

Tris (2-Hydroxy Ethyl) Isocyanurate Triacrylate 
Dipentaerythritol Pentaacrylate 
Pentaerythritol Triacrylate 

EPOXY ACRYLATES /METHACRYL ATES 

2,3 epoxy butyl methacrylate 
2,3 epoxycyclohexyl methacrylate 
10,11 epoxyundecyl methacrylate 
Glycidyl methacrylate 

Sartomer epoxy acrylate CN 103<g>, CN 104® 
epoxy novolak acrylate 



TABLE IV 



STYRENES 

Styrene 

O-chiorostyrene 
P-chlorostyrene 
Chloromethylstyrene 
a-methylstyrene 



The examples in the above tables are exemplarly only and not limiting. 
Example 1 

o-Ethoxy polyaniline doped with 1 N HCI was dissolved in a 50:50 mixture of acetone and methanol to a 
solution concentration of 2% by weight. This solution was added dropwise to a solution of a GE silicon hard 
coat resin SHC 1200®. Solutions were made in which polyaniline was from 2% to 50% by weight of the 
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silicone. The solutions were used to spin-coat or dip coat films on various substrates. The films were then 
baked at 80 • C on a hot plate for 30 minutes to drive off the solvent and also cure the silicon hard coat. 

Example 2 

o-ethoxy polyaniline doped with 1N HCL was spin-coated from a solution of 50/50 acetone/methanol 
onto a quartz wafer. The wafer was heated at 80 °C on a hot plate for 3 minutes to drive off the solvent, The 
thickness of the film was 2um and the surface conductivity was 10~ 5 ohm -1 . A solution of the GE silicone 
hard coat resin SHC/1200® was spin coated on top of the polyaniline film from an alcohol solution. No 
interfacial problems were observed. The thickness of the silicone hard coat was 0.2um The 2-layer system 
was then baked at 80 °C on a hot plate for 30 minutes to drive off the solvent and also cure the silicone 
hard coat. The 2-layer system had a surface conductivity of 10~ 5 ohm~ 1 (similar to the polyaniline alone. 

Example 3 

Polyaniline in its base or undoped form is spin-coated on a quartz surface from an NMP solution. The 
film is dried and subsequently doped with aqueous 1N HCL. To this layer was applied the silicone hard coat 
SHC 1200® and baked at 80 'C for 30 minutes. The resulting system had a surface conductivity of 10~ 5 

Oh/77 -1 . 

Example 4 

Similar to Example 3, except the polyanine base was mixed with the diethyl ammonium 
trifluoromethane sulfonate in NMP. The resulting 2-component solution was spin-coated onto a quartz 
25 surface. The film was placed on a hot plate at 80 *C for 3 minutes by which time the polyaniline was doped 
by the triflic acid generated by the decomposition of the amine triflate salt. The hard coat was applied as 
above. 

Example 5 

30 

Similar to Example 3, except that poly(3-butylthiophene) doped by triphenyl sulfonium hexafluoro 
antimonate by exposure to radiation was utilized. 

Water Stability 

An ethoxy polyaniline doped with 1 N HCL coated quartz wafer was immersed in water. The conductivity 
started to decrease within minutes. After 24 hours in water, the material had gone from a conductivity of 
10"~ 2 s/cm to less than 10 -6 s/cm. 

The ethoxy polyaniline doped with 1N HCL when mixed with the silicone hard coats as in Example 1, or 
when used in a 2-layer system in which the silicones are on the top as in Example 2, did not lose any level 
of conductivity after 24 hours of exposure to water. 

Claims 

45 1. A composition of matter comprising: 

an admixture of an abrasion and scratch resistant material and an electrically conductive polymeric 
material. 

2. The composition of matter of claim 1 

so wherein said abrasion and scratch resistant material is selected from the group consisting of 
silicones/polysiloxanes, acrylates/methacrylates, epoxies and epoxyacrylates, epoxymethacrylates and 
styrenes. 

3. The composition of matter of claim 1, wherein said electrically conductive polymeric material is 
55 selected from the group consisting of a substituted and unsubstituted polyparaphenylenevinylenes, 

substituted and unsubstituted polyanilines, substituted and unsubstituted polyazines, substituted and 
unsubstituted polythiophenes, substituted and unsubstituted poly-p-phenylene sulfides, substituted and 
unsubstituted polyfuranes, substituted and unsubstituted polypyrroles, substituted and unsubstituted 



14 



EP 0 567 835 A1 



polyselenophene, polyacetylenes formed from soluble precursors and combinations thereof. 

4. The composition of matter of claim 3, 

wherein said electrically conductive polymer material contains doping precursors selected from the 
5 group consisting of onium salts, iodonium salts, borate salts, tosylate salts, triflate salts and sulfonox- 

ylimides, said disassociated precursors doping said polymeric material constituent. 

5. The composition of matter of any one of the preceding claims wherein said composition is light 
transmitting, said light transmitting composition is disposed on a display screen. 

10 

6. The composition of matter of any one of claims 3 to 5 

wherein said electrically conductive polymeric material is a polyaniline doped with a dopant selected 
from the group consisting of triphenylsulfonium hexafluorantimonate, diethyl-ammonium 
trifluoromethane sulfonate and diisopropyl ammonium trifluoromethane sulfonate. 

15 

7. The composition of matter of claim 6, 

wherein said polyaniline is an emeraldine base form of polyaniline. 

8. The composition of matter of claim 2, 

20 wherein said polythiophene is selected from the group consisting of poly(3-butylthiophene), and 3- 
methylthiophene-3-butylthiophene-copolymer doped with a precursor selected from the group consist- 
ing of MDT and triphenyl sulfonium hexafluoroantimonate. 

9. The composition of matter of claim 2, 

25 wherein said silicones/polysiloxanes are selected from the group consisting of General Electric SHC 

1200®,, hard coat SHC 1010®,, AS 4000®,, hexamethyldisiloxane, octamethyltrisiloxane, decamethyl- 
tetrasiloxane, octamethylcyclotetra-siloxane, octaphenylcyclotetrasiloxane, 

2,4,6,8-tetramethyl-2,4,6,8-tetraphenyl-cyclotetrasiloxane, methyltris(trimethyl-siloxy)silane, 1 ,1 ,1 ,3,5,5,5- 
heptamethyl-trisiloxane, 1 ,1 ,3,5,5-pentamethyM ,3,5-triphenyltrisiloxane, homopolymers such as poly- 

30 dimethylsiloxane, random and block copolymers, silsesquioxanes, polysiloxanediols, wherein said 
acrylates and methacrylates, are selected from the group consisting of Allyl Methacrylate, 
Tetrahydrofurfuryl Methacrylate, Cyclohexyl Methacrylate, n-Hexyl Methacrylate, Cyclohexyl Acrylate, 
2-Ethoxyethyl Acrylate, 2-Ethoxyethyl Methacrylate, Isodecyl Methacrylate, 2-Methoxyethyl Acrylate, 2- 
(2-Ethoxyethoxy) Ethylacrylate, Stearyl Acrylate, Tetrahydrofurfuryl Acrylate, Lauryl Methacrylate, 

35 Stearyl Methacrylate, Octyl Acrylate, Lauryl Acrylate, 2-Phenoxyethyl Acrylate, 2-Phenoxyethyl 

Methacrylate, 2-Hydroxyethyl methacrylate, 2-dimethyl aminoethyl methacrylate, 2-dodecylthioethyl 
methacrylate, N-methacryloyl-2-pyrrolidinone, urethane acrylates, Isodecyl Acrylate, Isobornyl 
Methacrylate, Benzyl Acrylate, Hexyl Acrylate, Isooctyl Acrylate, Isobornyl Acrylate, Triethylene Glycol, 
Di methacrylate, Ethylene Glycol Dimethacrylate, Tetraethylene Glycol Dimethacrylate, Polyethylene 

40 Glycol, Dimethacrylate, 1,3 Butylene Glycol Diacrylate, 1 ,4-Butanediol Diacrylate 1 ,4-Butanediol 

Dimethacrylate, Diethylene Glycol Dimethacrylate, 1,6 Hexanediol Diacrylate, 1,6 Hexanediol 
Dimethacrylate, Neopentyl Glycol Diacrylate, Neopentyl Glycol Dimethacrylate, Polyethylene Glycol 
(200) Diacrylate, Tetraethylene Glycol Diacrylate, Triethylene Glycol Diacrylate, 1,3 Butylene Glycol 
Dimethacrylate, Tripropylene Glycol Diacrylate, Ethoxylated Bisphenol A Dimethacrylate, Ethoxylated 

45 Bisphenol A Diacrylate, Reactive Polyester (Diacrylate), Tris (2-Hydroxy Ethyl) Isocyanurate 

Tri methacrylate, Pentaerythritol Tetraacrylate, Trimethylolpropane Tri methacrylate, Trimethylolpropane 
Triacrylate, Tris (2-Hydroxy Ethyl) Isocyanurate Triacrylate, Dipentaerythritol Pentaacrylate, Pentaeryth- 
ritol Triacrylate, 2,3 epoxy butyl methacrylate, 2,3 epoxycyclohexyl methacrylate, 10,11 epoxyundecyl 
methacrylate, Glycidyl methacrylate, Sartomer epoxy acrylate CN 103®, CN 104®, epoxy novolak 

50 acrylate and wherein said epoxies are selected from the group consisting of 1. Diglycidyl ether of 

bisphenol A (DGEBPA) 

2. Aromatic glycidyl ether resins such as epoxy phenol novolac resins and epoxy cresol novolac resins. 

3. Aromatic glycidyl amine resins such as triglycidyl-p-aminophenol, 

N,N,N , ,N , -tetragliycidyl-4.4 , -diaminodiphenyl methane, and triglycidyl isocyanurate (marketed as Ciba- 
55 Geigy PT 810)®. 

4. Glycidyl esters, e.g. Diglycidyl ester of hexahydrophthalic acid, Ciba Geigy CY 184® and mobay 
lekutherm X-100®. 

5. cycloaliphatic epoxy resins, e.g. S'.^-epoxycyclohexylmethyl, 3,4-epoxycyclo-hexanecarboxylate, 



15 



EP 0 567 835 A1 



3,4-epoxycyclohexyloxirane, 2-(3',4 , -epoxycyclohexyl)-5,1"-spiro-3",4"- epoxycyclohexane-1 ,3- dioxane, 
bis(3,4-epoxy- cyclohexylmethyl) adipate. 

10. The composition of matter of claim 1 , 

5 wherein said abrasion and scratch resistant material is a polymeric material. 

11. The composition of matter of any one of the preceding claims, wherein the weight percent ratio of said 
conductive polymeric material to said abrasion and scratch resistant material is from about 2% to about 
50%. 

10 

12. A visual display apparatus having a surface substantially transparent to predetermined optical 
wavelengths having a surface coating according to any one of the preceding claims. 

13. A semiconductor wafer carrier having a surface coating according to any one of claims 1 to 11. 

75 

14. A method comprising: 

forming an admixture of a solvent, an abrasion and scratch resistant material and an electrically 
conductive polymer according to any one of claims 1 to 1 1 , 
disposing said admixture onto a surface; and 
20 eliminating said solvent to form an electrically conductive abrasion/scratch resistant coating on said 
surface. 

15. The method of claim 14, further including curing said material, preferably cross linking. 

25 16. A method comprising: 

disposing on a light transmitting surface a layer of a light transmitting electrically conductive polymer 
according to claims 3, 4 or 6 to 8, disposing on said layer of light transmitting conductive polymer a 
light transmitting layer of a material according to claims 2 or 9. 

30 17. The method of claim 16, wherein said light transmitting surface is a visual display surface, or a CRT 
tube. 

18. A structure comprising: 
a surface; 

35 a first layer of electrically conducting material according to any one of claims 3 to 8 on said surface; 

a second layer of abrasion and scratch resistant material according to any one of claims 2, 9 or 10 on 
said layer of electrically conducting material. 

19. The structure of claim 18, wherein said second layer is sufficiently thin to permit an electrical contact 
40 thereto to provide electrical contact to said first layer, said second layer preferably being from about 

5% to about 30% of the thickness of said first layer. 

20. The method of claim 18, 

wherein said surface is thermoformable. 

45 

21. The composition of matter of claim 1 , 

wherein said abrasion and scratch resistant material is an organic material. 

22. The composition of claim 1 , 

so wherein said styrenes are selected from the group consisting of Styrene, Ochlorostyrene, P- 
chlorostyrene, Chloromethylstyrene, a-methylstyrene. 

23. The method of claim 1 , 

wherein said admixture is selected from the group consisting of a solution and a dispersion. 

55 

24. The composition of matter of claim 1 , 

wherein said admixture is substantially resistant to loss of electrical conductivity when exposed to 
aqueous solutions, alkaline solutions and solvents. 
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